Regulation of intracellular calcium concentrations by calcium and magnesium in cardioplegic solutions protects rat neonatal myocytes from simulated ischemia.
The effects of calcium and magnesium ions in cardioplegic solutions on cardioprotection and intracellular calcium ion handling during ischemia and reoxygenation were investigated in cultured neonatal rat myocardial cells. Myocytes were subjected to simulated ischemia for 60 min at 37 degrees C in hyperkalemic cardioplegic solutions containing various concentrations of calcium and magnesium ions, followed by 30 min of reoxygenation. For each Ca2+ concentration (0.1, 0.6, 1.2, or 2.4 mM), the Mg2+ concentration was either 0, 1.2, 8, or 16 mM. The increase in intracellular Ca2+ concentration during ischemia and reoxygenation was suppressed by the addition of magnesium ion, independent of cardioplegic Ca2+ concentration. The recovery of spontaneous contraction rate and enzyme leakage (creatine phosphokinase and lactate dehydrogenase) during both ischemia and reoxygenation correlated with the degree of inhibition of intracellular Ca2+ accumulation. However, in the 0.1 mM Ca2+ groups in which the Mg2+ concentration was greater than 8 mM, the intracellular Ca2+ concentration increased during reoxygenation in a dose-dependent fashion of Mg2+, and was associated with increased enzyme leakage. The findings suggest that in immature cardiac myocytes, the concentrations of Ca2+ and Mg2+ present in cardioplegic solutions control the intracellular Ca2+ concentration during ischemia and reoxygenation, which, in turn, influences the cardioprotective effect of the cardioplegic solution.